Abstract. Chemical composition of the RS CVn-type binary A And is derived from high dispersion spectra in 5100-6700 A range obtained with the 6-meter telescope at the Special Astrophysical Observatory. 
Introduction
For investigation of chemical evolution of the Galaxy one needs data for different types of stars. In this work chemical composition of the RS CVn-type binary A Andromedae (HR 8061, HD 222107) is analyzed. This star is a single-lined spectroscopic binary of the spectral type G8 III-IV + ? belonging to the "long-period" group of RS CVn-type stars. Its main photometric and spectroscopic properties have been reviewed by Boyd et al. (1983) and Habets and Zwaan (1989) . Some of the most important information is listed in Table 1 .
Send offprint requests to: G. Tautvaisiene Table 1 Hall (1986) Boyd et al. (1983) Habets and Zwaan (1989) Habets and Zwaan (1989) Finsen and Worley (1970) ; Hoffleit and Jaschek (1982) Baliunas (1979); Ayres et al.(1981) Mullan and Cram (1982) Habets and Zwaan (1989) Spectroscopic abundance investigations of RS CVn-type binaries so far are very scarce (Naftilan, 1975; Naftilan and Drake, 1977, 1980; Liu et al., 1992; Randich et al., 1992) . The lack of spectroscopic investigations is partly covered by multicolour photometry (Gimenez et al., 1986) . Nevertheless, in order to test evolutionary status and to make comparisons between the RS CVn-type systems and theoretical evolutionary tracks, metallic abundances should be known at least with an accuracy of ~ 5% (VandenBerg and Hrivnak, 1985) . The presence of chromospheric activity in this type of stars complicates their abundance analysis. According to Giampapa et al. (1979) , the active regions on the Sun investigated by means of the Stromgren photometric system appear to be metal-deficient with respect to the quiet Sun by approximately 35%.
The star A And resembles the active Sun in surface brightness of chromospheric emissions and in appearance of the Mg II and Ca II profiles. The optical variations (amplitude ~ 0.25 mag) of A And imply that starspots may cover 10 -25% of the visible hemisphere (Doren and Guinan, 1984) , contrasting markedly with the 1% spot coverage for the Sun. A And shows evidence for a spot cycle with a period of 6 yr (Mewe and Schrijver, 1986) . The average seasonal magnitude (V) in a year of minimum of spot coverage is ~ 3.81 mag and the rotation period is ~ 55 days, while in a year of maximum these values are (V) « 3.89 mag and ~ 52 days (Dorren and Guinan, 1984; Baliunas and Vaughan, 1985) .
Previous high-dispersion spectral observations of A And were performed by Heifer and Wallerstein (1968) . Chemical analysis based on the curve-of-growth method showed A And to be mildly metaldeficient ([Fe/H] = -0.78) and revealed overabundance of vanadium, manganese and cobalt. We present a new detailed chemical analysis of A And using current techniques.
Observations and reductions
Three spectra of A And were obtained with the main stellar spectrograph on the 6-meter telescope at the Special Astrophysical Observatory during one night, September 3, 1987. The spectrograms with reciprocal dispersion of 14 A/mm were exposed on Kodak 103 aF plates and cover the wavelength range from 5100 to 6700 A. The plates were digitized with the PDS microdensitometer of the Tartu Astrophysical Observatory. Spectral lines were identified using the solar tables by Moore et al. (1966) and the solar atlas by Delbouille et al. (1973) . The lines used in the analysis were carefully selected from a more extensive list. The equivalent widths averaged from three spectrograms are given in Table 2 . Figure 1 displays a comparison between EWs measured in the present work and by Heifer and Wallerstein (1968) from spectrograms of 6.6 A/mm. No systematic difference between these two series of EWs are seen. Thus, the effect of stellar activity on EW, if present, is too small to be detected.
Method of analysis and physical data
The spectra were analyzed using a differential model atmosphere technique described in detail by Tautvaisiene and Straizys (1989) . In brief, the line synthesis program ATLAS5 (Kurucz, 1970) , as modified by Galdikas (1988) , was used to carry out the necessary calculations. Line blanketed LTE model atmospheres from the grid by Bell et al. (1976) were used.
Line parameters
Atomic oscillator strengths for this study were taken mainly from the works of the Oxford group (Blackwell et al., 1976 (Blackwell et al., , 1979a (Blackwell et al., ,b, 1980 (Blackwell et al., a,b,c, 1983 Booth et al., 1984) and the Kiev group (Gurtovenko et al., 1983 (Gurtovenko et al., , 1984 (Gurtovenko et al., , 1985a (Gurtovenko et al., ,b,c, 1986 Kostik, 1984; Orlova, 1982, 1983) . According to Gurtovenko et al. (1985c) , the consistency of these two gf sets is rather good, the r.m.s. errors are Hannaford et al. (1982) , Roberts et al. (1973) and Smith and Ragget (1981) were also used. For Na I, Mg I, Ba II and Eu II the gf values were deduced by inverse solar analysis. For this the Bell et al. (1976) solar model atmosphere with the microturbulent velocity at 0.9 km/s at the disk center was used. This value of vt was determined using the method and Fe I line data presented by Blackwell and Shallis (1976) and .
All solar abundances used in differential analysis of the stellar spectra are determined using Bell et al. (1976) solar model atmosphere and selected gf sources and are presented in Table 3 . EWs were taken from the individual solar abundance analyses quoted by Grevesse (1984) or from previously mentioned sources of gf data. It is interesting to notice that the value of iron abundance is in close agreement with those recently derived by Biemont et al. (1991) and Holweger et al. (1991) ; they derived 7.54 and 7.50, respectively.
For the lines having EW > 95 mA on the Sun, the enhancement factors to Van der Waals damping constants were obtained by forcing them to reproduce the solar equivalent widths. The effects of hyperfine line structure were taken into account by using additional microturbulence for the affected lines. For more details concerning this section see in Tautvaisiene and Straizys (1989) .
S.2. Atmospheric parameters
The effective temperature was derived from the Vilnius photometric system intrinsic colour index (Y-V)q (bandpasses at 466 and 544 nm) using the calibrations by Straizys and Bartkevicius (1982) and by Tautvaisiene (1987) . The first calibration is for giants of normal metallicities, while the second one is for metal-deficient giants. Since A And, according to the results by Heifer and Wallerstein (1968) and three-dimensional photometric classification in the Vilnius system, shows a mild metal-deficiency, the effective temperatures obtained from both calibrations were averaged. Colour index K-V=0.79 was taken from Sperauskas et al. (1981) . Colour excess Ey-v was assumed to be zero, since this star is free from interstellar reddening, being very close to the Sun 23 pc, Baliunas and Dupree, 1979). The gravity was found by forcing Fe I and Fe II to yield the same iron abundances. The microturbulent velocity was determined by forcing Fe I line abundances to be independent of the equivalent width.
Results and discussion
The derived atmospheric parameters are given in Table 4 and abundances in Table 5 . Typical internal error estimates are ±100 K for Te, ±0.3 dex for log g, ±0.2 dex for [A/H] and ±0.3 km/s for vt. Table 6 gives sensitivity of the abundances to errors of stellar parameters. It is seen that possible parameter errors do not affect the abundances seriously; the element-to-iron ratios, which we use in discussion, are even less sensitive. Table 5 shows that most element-to-iron ratios for A And do not differ considerably from those observed on the Sun; only sodium, magnesium and silicon appear to be overabundant. On the whole, abundances found in A And are in agreement with those generally found in giants of the same metallicity.
Concerning the metal-deficiency obtained for A And, we must take into account the fact that in stars of this type, where so little is known about their atmospheric structure and activity, any results obtained by using the standard techniques may be questioned. So far, several alternative mechanisms which can produce the apparently weak spectral lines are under discussion. Rhombs and Fix (1977) suggest that hot circumstellar gas around the stars may be filling in absorption lines by free-free continuum emission. They es- (1980) argue that it is doubtful that a contribution of about 3% would seriously affect the abundance analysis. Free-free emission is nearly grey in the green and yellow spectral regions and should contribute both to the continuum and the line cores. Perhaps there is a possibility that the active chromosphere may produce unnoticed emission cores in the deeper absorption lines. The observed radio and X-ray emission from the RS CVn-type systems implies the existence of material beyond their photospheres, and this material could affect the observed spectral features. The existence of a circumstellar envelope around the A And system was suggested by Glebocki et al. (1986) . So far, both normal and metal-deficient components of the RS CVn-type binaries were found. Naftilan and Drake (1977) for the same star (adopting log AH = 12 and logApe = 7.6). The primaries are found to be normal. Photometric classification in the uvby/3 system of almost all northern RS CVn-type binaries shows them to be metaldeficient stars (Gimenez et al., 1986) . The results of the present work strengthen the suggestion that at least some RS CVn-type stars can be metal-deficient.
